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Abstract

Radio noise continuum emissions chserved in metric and decametric ﬁrave
" frequencies are, in general, associated with activeiy varying sunspot groups
accompanied by the S-component of microwave radio emissions. It is known
‘tha.t. these continuum emission sources, ofteﬁ called type I storm sources, are
often associated with typé I burst storm activity from metric to hectometric
wave frequencies, This storm activity is, therefore, closely connected with the
development of these continuum emission sources.

It is shown that the S-component emission in microwave frequencies
generally precedes by several days before the emission of these noise continuum
storms of lower frequencies.. In or‘?ler for these gtorms té deveibg, the growth
_of sunspot groups’ into complex types is very importiant in addition to the mcréase
of the average magnetic field intensity and area of these groups. In particular, fhe
types of these groups such as BY and Y dre very impori;a_nt on the generation of
noise éont'muum storm sources and sharp increase of the flux of these continuum
emissions, This fact suggests that sunspot magnetic configuration and its
variation, both space ;md time, are very effective on these noise continuum
emissions. |

Aitht;mgh we have not known yet the true mechanism of these emissions, it
is very likely that energetic electrons, 10 to 100 Kev, accelerated in agsociation
with the variation of sunspot maghetic fields, are identified as the sources of -
those radio emissions. Furthermore, these electrons are now considered as

explicable to the emission of type HI burst storms associatéd with the noise
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continuum storm sources. In explaining these storms, some pla_sma prdcééseﬁ
_must be taken into consideration. Furthermore, it should be remarked that the
storage mechanism of the electrons mentioned sbove plays an important role in
explaining the relation of the noise continuum emissions and type III burst storms,
because "on-fringe" typelil bursts are all generated above these noise continuum
storm sources. After giving a review on the tﬁeory of these noise continuum
storm emissions, a model is briefly considered to explain the relation just
mentioned, Land a discussion is given on the role of energetic electrons on the
emissions of both noige contibuum and type III burst storms. It is pointed out that
instabilities aésociated with _these electrons and théir relation to their own

gtabilizing effects ave important in interpreting both of these storms.
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1 . Introduction

This report supplements report Solaf Radio Continuum Storfns, Decembel‘:', 1974,
These documents consolidatéd rep.resent total research conducted relative to |
solar terrestrial relations studies under contract NAS5-20739.

Radio noise continuum storms, sometimes cailéd type I noise storms, were
first observed by Hey in February and March, 194&_2 (see Hey, 1946; Appleton and
Hey, 1946). In his book on the historical review of the.development of radio
astronomy, he ha's described the story of his discovery of these continuums (Hey,
1972). During the period mentioned sbove, a large sunspot group in the nor_thern

hemisphere, accompanying these continuums, was very active and produced solar

- proton flares twice, from which Bev-energy particles were ejected on 28 February

‘and 7 March (see Lange and Forbush, 1942; Forbush, 1946).

Since the end of World War 11, the Aust.ralian group, headed by Bolton,
initiated thé research on solar radio astronomy with galactic radio astroﬁomy.
BéSed on the early research results, wild (1951, 1957) proposed a classification
system on various aspects and characteristics of solar radio emissions, which
mainly defines three groups of characteristic radio emissioné, called the bursts
of jr‘gper(_:tral types 1, I, and OI. The radio noise continuums observeél by Hey are
classified as type I burst storms, although the characteristics of these storms
were sometimes considered to be different from isolated bursts of type I (see
Pawsey and Smerd, 1953; Wild, 1957). However, it is very likely that these
bursts are produced as a result of superposition of many type I burst eﬁlssions,

since the observed characteristics of these bursts are very similar to those of
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type I bursts (e.g., Kundu, 1965; Zhele_zn&akov, 1970).

| As well known, these noise continuum storm sources are generally
kassqciated with sunqut g?oups fully devglo‘ped as clas_s ified t_o t_;he Eand F
types (Fokker, 1960, 1965), The characteristics of these storms and their
relation to the passage of associated active sunspﬁt gfoups were first invest-
igated by Boischot (1958) usiﬁg the observational results from the Nancey
interferometer at 169 MHz. His results indicate that these sources are usually
associated with sunspot groups well-developed, and that they are located soine-
where above or close to these groups. In this case, it should be noted that,
because of their narrow emission directivity, the ﬂu.x intensity from these
radio scurces is not high while ﬂ1ey are located near the limb of the solar disk
-(8ee Fokker, 1965).

Recent observations at Culgoora,'Austrél_ia, at both 80 and 160 MHz show
that these noise continuum storms are generally of compositesrof two oppositely
polarized sources usually located adjacent to each other (Kai, 1970; wild, 1970;
Kai and Sheridan, 1973). The polarization of these sourges well reflects the
direction of sunspot magnetic fields ambient in these sources. Furthermore, the
observational results suggest that fhese noise continuum storms are generated by
éome mechanism related to plasma processes S'ané the emission regién of t.hese
' two frequencies (e.g., Kai and Sheridan,_ 1973; bulk and Nelson, 1973). Although
we have not known yet what mechanism can generate these noise storms, it is -
very likely that energetic electrens of 10 - 100 Kev are mainly responsible for the
excitation of plasma waves, which is transformed into electromagnetic waves due

to some non-linear plasma processes as discussed by Ginzburg and Zheleznyakov

A
&



(1958), Takakura (1963), T]Acakhtengerts (1966) and Tsytovich (1966), 1967). This
idea has been sophisticated by fheoretical works of Meirose (1970 a, b) and Smith
(1970 a, b, 1972, 1973), a relation to their consideration on type III bursts,
It seems that the formation of energetic eleciron beal;ns and their instabil'itj-f |
due to the interaction with ambient plasmas play a very important role in generating
noige continuum storms. Although this formation seems to be closely.r;l'ated
to energyzation mechanism of ambient electrons and the processes of bunching
aécelerated electrons, it is certain that ’;his energyzation occurs‘independently
from solar flare acfivity, as shqwn by deker (1965). ._ HOWBVéI’,‘ our recent
results suggest that efficient generation of energetic electrons is closely.tied up
with the growth of assoc’iate’c; sunspot grdups into complex types sucil as By and
Y (Sakurai, 1974). This sugpests that these electirons a.re accelefated as a
result of ingtabilities associated wifh sunspot magnetic chfigurations.

The emissi;)n bandwidth .of these noise continuum storms was first thought

as limited to very narrow one such as 10 Mz wide (e.g., Kundu, 1965). However,

recent observations show that the emission frequencies of these storms are often

‘extended into decametric frequencies (e.g., Warwick, 1965) and sometimes farther

into hectrometric frequencies (e.g., Fainberg and Stone, 1971), although these

- narrow-band characters seem to be maintained with respect to each ohserved

frequency. These observations, therefore, suggest that energetic electrons are
ejected high up into the solar corona by exciting plasma waves which are determined
by the distribution of the density of the electrons ambient in the outer solar corona.

In this case, it seems important to point out that the same electron beams are
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possibly responsible for the generation of such wide~band continuum emission
from metric to hectrometric wave frequencies. €. 8., 'Sz-akurai, 1973).

In this paper, a review is given on various problems as discussed above
with. the'aim to summarize the current status on fhe research for rsolar radio
continuum emissions from m(a.tl"ic to hectometric wave frequencies, In so doing,
the role of energetic electrons is extensively considered in relation to the
mechanism of thesé contintum emissions, A theoretical model is briefly

considered to interpret the observational characteristics of these emissions.



2, Properties of Radio Contintum Storms

In order to study the development of these radié noise continuuin storms, it
is necesgsary to find out young é.ctive regions which have bacome active in these
storm emissions since they were newly born on the visible disk within fifty
degrees east in solar longifude. If not so, it is impossible to study how these .
storm sources are developed in association with the growth of active sunsﬁot
groups and other associated phenomena, Since these. sunspot groups are
genefally accompanied by flares and other active phenomena, if is possible to
s;c11dy the relation of the noise continuum storms with these active phenomena, .In
particular, it is interesting to find out how th_ese storms are i‘elated to other
fadio‘phenomena such as the 3-component of microwave emissions in their
developméntal phase; it seems that the S—compqnent emissions afe causatively
related to the- development of these noise storm sources (€sge s Kéi and Sekiguchi,
1873).

We here pick up the solar radio phenomena observed during the period from
3to 175_ May, 1971 in order to study the relation méntioned above in agsociation
with the development of the active region MacMath No. 11294. This active
region became active in the emission of noise continuum storms in metric and
décémetric wave frequencies on 6th of May. The activity of this emission‘
sharply increased on 7th of this month, one day after the beginning of this emission
(see Fig. 1). - In Fig. 1, we show the daily flux vaiues of both metric continuum

{200 MHz) and S-component (2800 MHz) emissions, These data are obtained from
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the Quarterly Bulletin of Solar Activity (1971), The result shown in this figure
indicates that the sharp inr.:rease of the metric continuum flux is.delayed about
a day from that of the S~component flux, It should be remarked that this é.harp
Increase showﬁ in Fig. 1 is accompanied by the very high activity on type 10
i bursts in decametric frequencies (Gergely, 1974).. Furthei'more, it is interesting
to note that this sharp increase also seemed to be related to the growth of the
sunspof grdup ir;to the BY type, which ié the one of *}ery_ complex configuration of
of these groups (Fig. 1). In fact,. as shm&n in Fig, 2, the flux intensity of metric
-con"cinuum storm emissions tends to sharply increase just after. associated sunspot
groups become the complex configurations like 8Y type, Tn this figure, we show
tw_o cases associated with the sunspot groups MacMath Nos. 11294 and 12094,
The lafter was observed on the solar disk for 18 to 30 of October, 1971. Iits
developmental'lpatt_ern of radio emission activity in both metric an& micr.owave
fréquencies is dlmost the same as that of the region Macmam No, 11294, As
clearly seen in Fig. 2, the sharp increase of metric continuum storm emigéion
teﬁds to occur. just after an associated sunspot group becomes th;e configuration of
| BYtype. 1t is also clear that, for first several days, the activity of metric noise
continuum storm is very low and almogt constant, while the activity of microwave
S-component emission tends to increase very sharply (Fig. 2). This fact suggests _
that the growth of the soﬁrces for the S-cdmponent emissions is very important
for the birth of the source of metric noise continuums,

In order to find out the statistical relation between the developments of
both metric continuum and microwave S-component emissions, it seems

reasonable to study the time delay from the maximum activity of S-component
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emissions to that of metric noise continuum emissions by taking into account the
daily flux values for both these emissions. These time de_lay_s are analyzed for the
period 1969-1972 and are indicated in Fig. 8. This regult shows that the maximum
flux intensity of metric conﬁnuum emiggions ié mainly reached within a day after
the S-component emissions attain maximum, This suggests that the growth of the
gource of S-component emissions is considered as an important precursér of the
development of metric noise continuum storms., Furthermore, %t may be said that
the birth and growth of metric continuum storm sources is closely associated

with these of microwé.ve S-component emissions; that is, metric continuum sourcesg
do not grow independently from microwave S-component sources, though such
independence was once suggested (see Fokker, 1365},

The result shown in Fig, 3, further, suggests that the growth of the sources
for microwave S-component emission tends to induce that of me‘tfi'c‘ noise ¢ontinuum
" sources. This relation was once suggested by Kai z.md Sekiguéhi (1973), but our
result shown above indicates that the change'of sunspot groups into complex
. types is very important m forming metric noise continuum storm sources.

Gergely (1974) haé found th;fc type III burst activity at decametric wave frequencies
agssociated with metric noise continuum emigssions was highest on Tth of May' 1971,
| although this activity was observed 5etween 3rd and .13th of this month, 'i‘his
activity is schematically shown in Fig. 4., During this periéd, the IMP-6 'satellite
was also chserving sélar radio emissions, and detected many type III bursts in
hectometric and kilometric wave freqﬁéncies. Although the data obtained by

this satellite were not good in quality during the period from 7 to 9 of May, we |
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may say that the type I1I burst activity in these low frequencies was delayed byr
a few d-ays in comparison with thig activity in decamelric wav‘e‘frequencies (Fig. 4).
Thig delay ‘may be related to the further growth of the sunspot group MacMath
No., 11294 during itg passage over the solar disk. As éuggésted by Kai and
Sekiguchi (1973), this delay may be explained by considering an outward expansion
motion of sunspot magnetic field lines of arch-~like configﬁration, since the |
field intensity and background plasma density are both decreased with this motion.
In fact, this arch-like configuration extending farther out, was deduced by _Gergely
(_1974). This configuration caleculated by Trotter et al (1973) was here indicated
in'Fig; 5, The sources of r;adio emissions with wide-band frequenciea\s from
microwave to decametric waves, really speaking, were all confined in tﬁis extended
arch—like structure of sunspct magnetic figlds. The sources for type lIII bursts,
‘ especially, "on-fringe" typé']II'burst.é {x}ere‘llocated z_a'bove' this 'Structure. (Gergely,
1974). |

AS shown in Fig. 2, it ig clear that the activity of metric noise continuum squrces
- sharply increases ﬁhen the type c;f associated sunspot. groups grows into c’omplé’x
typesas 3y and Y . Fokker (1965.‘} analyzed the relation between sunspot types
and the activity of these sources and found that the sqns;)ot groups classified as
E and F types (the Zurich Classification) are most active on fhe formation of these
radio sources, In the analysis of the metric continuum noise storm soﬁrces
- observed in July to August, 1967, which was associated with the active region
MacMath No, 8905, Sakurai (1971 a) found that tﬁe.development of the storm source

was not related to the flare activity associated with this active region. These
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results, therefore, suggest that the generation of the energetic electrons
(10 ~ 100 Kev) résponsible for those radio emissions is independent from flare
activity (Skaur'ai, 1971 a). | . -

" The relation of the low-frequency coptinuum storms with energetic electron stream
detected at the earth's orbit was first shown by Sakurai (1973) on thé observations
for the period October to'November, 1968, This result suggesté that these |
electron streams are‘ responsible fox; the excitation of radio noise continuum
storms from metric to hectometric wave frequencies, Similar observation was
made for the period 10 - 26 August, 1968 (Fainberg and Stone, 1970, 19’?1;.
Sakurai, 1971 b). The changing paiterns of both metric and hectometric continuum
Storm emissiénswere very similar for these two cases cited above. We examined
the IMP-6 satellite records to find out some evidence on the continuum emissions
in low frequencies during the period from 3 to 14 May, 1971, However,. we did
~not-see-any-trend-on-the-increase of background continuum-storm emissions in
these frequencies, Although it seems that_ the active regions on metric noise
co‘ntinuumr storm emissions tend to be accompan{ed by the sourceél of hectometric
continuum storms (Stone and Fainberg, 1973; Fainberg and Stone, 19.74), it seems
" patural that these continuum storms are not often observed because of diverging
tendency of these sources, which is closely associated with an expa.nsiﬁe nature
* of sunspot magnetic field lines above active regions.

Radio waves emitted from the sources of these noise continuum storms are
usually polarized in circular modes. It. seems that the modes of polarization are
strorlgly dependent on the distribution of sunspbt magnetic fields identified as thege

sources. Using the dafa obtained by the Culgoora radio heliograph, Kai and

-11-



She;'idan (1973) have proposed a model on the source structure of noise continuum
- storm emissions ih two discr_ete wave frequencies (80 and 160 MHz). A(_:cording
to them, this structure ié very important in explaining the observed features on
polarization, both L-H and R-H waves, since these two polarization modes can be
explained by taking into account the polarity distribution of suhspot magnetic fields
- accompanying these radio sources. Several years ago, Kai (1970) found that there
exist double sources of these noise continuum einissions above sunspot groups,
which are usually oppositely polarized, as schematically described in Fig. 6,
The results obtained by Kai and Sheridan (1973) also show that double sources,
oppositely polarized from each other, were observed. However, one of these
sources is sometimes missing as found by Dulk and Nelson (1973). Their
result indicates that this kind of absence may occur in accordance with the
configuration of associat;ed sunspot magﬂétic ﬁéld_s'.

Fig. 6 schematicallv shows that enérgetic electrons r;slleaased from |
noise continuum source regions are mainly transported along magnetic field
lines radially extendiﬁg outward qf these regions. These electrons seem to be
identified as sources of type HI burst storms (Kai, 1970). These burst storms
may be identified as the "on-fringe' burst storms as found by Gergely (1974),
for fne highest emission frequencies of thesé bursts are expected to be generally -
lower than the lowest emission frequencies of noise continuum emissions.
" Fainberg and Stone (1970) found tﬁat, in Augqst 1968, type III burst storm in
low frequenci‘es was observed in association with the passage of the active

region MacMath No. 9597. In this peﬁod, the activity of decametric continuum
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emissiong also was vefy high (Sakufai, 1571 b). It seems that these type I
ht}rst storms wererprqduced by the pagsage of Kev electron streams in the outer
coroné and the envelope of the sun, "In fact, these streams were obhserved during
20 to 23 in August, 1968 “‘rhile the active region mentioned above was 611 the
western hemigphere, though the electron flux was not high (Lin, private com-
munication, 1970). As shown in Fig. 6, it seems that the electron streaims
released from the noise storm regions tend to move mainly along the neutral
sheet which forms above the active regions (Wild and Weiss, 1964; Sakurai
and Stoﬁe, 1971). Since it seems unlikely that this sheet is maintained in the-
region far away from the active regiqn, say more than 20 solar radii from the
sun, it may be almost impossible to detect these elect_rohs in any sector
boundary ob.‘.;,erved at the earth"s-orbit. In this respect, howe\{er, it should be
noted that these eléctrons are well éontroll_ed by"%h.e iﬂterp{anetary magnetic
field lines during their propagation (e.g., Lih, 1970; Fainbefg and Stone, 1974),
At present, noise continuum storm emissions and type III burst étorms
are thought to be generated by energetic electrons due to their interaction with
ambient plasmas. In particular, the noise continuum storms are generated hy
the electroﬁ streams confinually emitied from the sun (Sakurai, 1971 b, 1973),
A clear evidence has been shown in the pericd between 20 October and 4 November,
1968; the time variation of Kev electrons fluxes (222 and 245 Kev) obgerved at
the earth's orbit was very similar to those of the noise continuum storm fluxes

at metric and hectometric wave frequencies, A similar evidence, though not

much clear, was found in Augusﬂ, 1968 (Sakuréi, 1971 b; Stone and'Fainberg, 1973),
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These evidences are important in considering theory to explain the emigsion

mechanism of noise continuum storms of wide-band frequencies.

S
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3. Relation to Type III Burst Storms

Gergely (1974) has found that type III burst activity at decametric wez;ve
frequencies was very high while the' active region .MacMath No. 11294 was on
transit over the solar disk. This activity indicates that many type III bursts
wére consecutively superposed and then méy be said to be type III burst storms, The
highest activity lof this Burst storm associated with the active region mentioned
above was observed on 7 May, 1971 when the type of the associated sunspot
group changed to th_e By type (see the discussion in last chapter).

This sort of type III burst activity in hectometric wave frequencies was
first discovered by Fainberg and Stone (1971), based on the analysis of the
observational data from the RAE-A satellite. We here sﬁow on;a of the results
o'l:)’t&ine‘d‘by'them’in Fig. 7. In'this figure, "fhe data on ﬁe£ric contintum storm
emissions at 200 MHz, observed at:Hiraiso, Japan, is also'éhown; These two
results in both metric and heciometric wave freqtiencie‘s indicate’ that the
changing patterns of the radio fluxes in the two frequencies are very similar to
each other except for small-scale vgriations in time, ¥Yurthermore, the results
shown in Fig, 7 sugggsts'that the same source responsible for metric noise
contihuum storlﬁ emissions was extended into the outer corona around 10 to 20
. golar radii away from the sun, 'During the period shown in Fig. 7, we also-
observed continuum storms in decametric wave frequencies, 10 ~ 60 .MHz, the
data of which were obtained at Boulder, Colorado (Malitson, 1969; see also,

Sakurai, 1871 b). These continuum emissions, classified as type ] noise continuum
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storm, are explained as a composite of many type III and type Iﬁursts superposed
on type I continuum storms. Since these bursts are continually emitted, they
seém to be really observed as if ébntinuum sto.rm emiss-ions were generatgd in
the ._acti\{e region. However, this pr_obiem ig not finally solved yet. |

The relation between this type of noige continuum storm and type IiI bursts
hag been irivest_igated by several authors (e.g., Mal;.rille', 1962; Hanasz, 1966;
wild and ’.I“lamicha, 1964; Gordon, 1970; Gergely,l 1974). The analyzed results
indicate that the starting ﬁ‘equencies of the emission of type III bursts, which are
classified as the ”on—frmge" bursts (Gerge]y, 1974), is usually lower than the
lowest emission frequenmes of (Type I) noise continuum storms, In fact these
"on-fringe" type II bursts are generated directly above associated active sunspot

'complexes (see Ge.rgely, 1974).

In August, 1968, the noise continﬁum storm sourde was cbserved .as shown
in Fig. 7 and associated with low-frequency continuum storm (0. 54 ~ 2.8 MHz),
which seemed to be located higher ﬁ_p in the solar outer corona beyond 10 solar
radii or more from the sun (Fainberg and Stone, 1970). This continuum storm
was connected with a noise continuum storm (e.g., type I noise storm) m the
frequency range from metric to'decametric wavés as discussed here befqre
{see Fig. 7 (b)), In order to interpret this connection with these noise continqum
storm sources widely separated from each other, Sakurai (1971 b) and Stewart
and Labrum (1972) have considered models of associafed aclive regions and the

configuration of magnetic fields extended out of these active regions. Both of
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them discussed the relation between these lbw-—frequency continuum storms and
tjpe I noise sources observed in metric and dec ar;létric wa;ve frequencies, Stewart
et al (1972) have given a detailed discussion on this connection by referring to the
radio data obtained by the Cﬁlgoora radio-heliograph,

Since the time of the CMP of the noise continuum source at hectometric
‘wave freciueﬁcies was delayed by about one day from that of the active region
associated with the noise continuum source at metric wave freguencies (Fainbergl
and Stone, 1870), it is concluded that the former source was no.t formed radially
above the latter source; this fact suggests that the source structure was tilted
eastward with the elevation of the radio source from the solar surface into ﬂue
solar outer corc.)na.

.In the case of the radio‘n(;_ise a(;tivity in May, 1971, the typé IT] burst
activity in hectom:etric wave freqﬁencies was observed by the IMP-6 satellite
(Sakurai, 1974). As shown by Gergely (1974), this activity in decametric wave
frequencies was observed during 4 to 14 of May. The highest activity was found
on 7th of this month, but this activity in hectometiric wave frequencies was verj
low on ﬂﬁs day. In fact, the incrgase of this activity was found a few days after
Tth, and reached maxiinum around 9 and 10 of May. Such delay may havé been
resulted from the expanding motion of the associated active sﬁnspot groups,
although we need to examine many more events gimilar to that which has been

cited here,
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4., FEmigsion Mechanism

As discussed in the last two chapters, ')Kev-ene_rgy clectrons generated in
active sunspot groups must be the sources of radio continuum storm emigsions for
wide frequency bands. These electrons seem to .excite plasma oscillations in the
medium, through which they are passing. It is noted that the frequency of these
oscillations is expressed as

2 2 .,  3KkT

2
w® = wp” +
m

K™ , ‘ : (4"1)

whe1.1 the oscilllations are excited in thermal p‘lasmas.. Here, w , @p, i?, T and
m are, respectively, the wave and the plaéma frequencies, the Boltzmann constant,
the temperature and the mass of electron. K iz the wave number of plasma
oscillations., Since these oscillatiéns consiét of iongitudiﬁal waves bnlﬁ, it turns
out that some mechanism must be found on thé transformation from these waves
to transverse waves, identified as electromagnetic waves, which are emittedr into
| outer space, Although many théories havé been proposed until now to find out
this mechanism, we may say that tl'ae fundamental process has first been
discovered by Ginzburg and Zheleznyakov (1958, 1961). .'I‘his process tal;es into
accouht the scattering of rthose longitudinal waves on the. péié.rization clouds of
ions, i.e., electron density fluctuation, and is described é.s' N

p+i —-—-wt+i1, _ (4-2)

1

where p, t, i and i* are, respectively, the longitudinal plasma waves, the transverse

(electromagnetic) waves and the polarization clouds of ions before and after the
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colliéion with the longitudinal waves. 1In this interaction, there is a ppssibility
for the transvei'se waves to be amplified as faras this interaction continues in
the medium (Smith, 1970 a, 1973).

We may, further, coﬁsider the emission mechanism of the second harmonic
of tr.ansverse waves by taking into account the- following interaction:

p+p — t (2 wp). | (4-3)-

However, this process does not seem important in the theory of radio noise
continuum storm emissions, although this process is applied to explain the
second harmonic observed in type III radio bursts (e.g., Kundu, 1365; Smith,
1970 a).

In the processes as described in eq. (4-2), we ass;ime that Kev electron
streams excite plasma waves oscillating wi_th wave frequencies given by eq,
(4-1). As first pointed out by Sturréck (1964), these plasma Wa'.‘;res‘thus generated
tend to grow without limi* and then produée the two stream i_nétability in the
parent elec;tron beams, Generally speaking, these heams are, therefore, not
maintained stably while ﬁovi'ng in the medium like the solar outer corona. In
fact, this instability is verj.r serious in the theory of type III radio bursts (see
Smith, 1970 a, b; Melrosé, 1970 a, b; Papa_dopoulus et al, 1974). 'In case of radio
continuum nolise storm emissions, this instability ﬁay be useful to explain 'éhe . |
dispersive nature and other characteristics of these emissioﬁs. Takakura (1963)
first found that the observed short duration of these emissions could be expllained
by taking iﬁt§ this instability associateci with the electron beams, though not

clearly mentioned, The cause of this observed short duration seems to be closely
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associated with the in-st'ability observed on the electron beams or bunches if we
refer to the theoretical results By Melrose (1970 a).

1t is well known that radio noigse continuum gstorm sources are usually
associated with type III burst activity observed above thes'xe sources (see the
discussions in the last chapter). As shown by Malville (1962) and Gergely (1974),
the starfing .emission frequencies of type IN bursts (e.g., "on-fringe" bursts)
are generally lower than the 1oweét frequencies of associated noise continuum
storm emissions. Since these bursts are mainly observed in the regions where
sunspot magnetic field lines are distributed almost radially in direction, the configuration
of these field lines may have some effects on the stabilization of electron beams
released from t!fle noige continuum source regions. As ghown in Fig. 5, these
coﬁtinuum sources are u‘ls.ually confined in the sunspot magnetic fiélds .wi‘.ch‘ arch-
like configuratidn (Gefgely; 1974). “The contrast of magnetic field ‘structures
between continuum storm source regions and the regions in'whiéh "on-fringe" type
III bursts are generated, must be conéidered in investigating thelemission
meciian{sms of both noige continuums and type II bursts,

So far many theories have been prOpose_d to interpret these mechanisms,
but none has cqnsidered the effect of ambient magnetic fields on the stability of
electrdn beams in the sc;lar atmosphere above sunspot} active regions, because
‘of theoretical difficulty to includé this effect. As considgred by Gordon (1970),

. the stabilization of electron beams may be dependent on plasma parameters in
the region where plasma waves are excited, but the contrast mentioned above

seems to give us a clue to find out some mechanism to stabilize the beams under .
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the action of ambient sunspot magnetic fields,

It is known that type III burst st.orms_are usually obslerved. in lthe regions
above active sunspot groups associated with radio noise continuum storms in
metric or/and decametric wave freguencies (see the discussion in thé last
chapter). Furthermore, it is now believed that the energetic electrons responsible
- for the emission of type III bursts are released from the regions where rgdio

noise storms are generated for these electrons are conj:inually produced in active

| sunspot groups, Although we do not know how these electrons are released from
" noise storm source regioﬁs, it seems likely that they are ejected out of frhese
storm source regions as a result lof rapid variation of associated sunspot magnetic
field lines, As showﬁ in Fig. 1, type II burst activity was sharply inc-reased
rwhen the type of assqciate"d sungpot group grew intd.'ﬂle complex ts"pe classified

as B7 . This result suggests that both efficiepcies of generation of energetic
- electrons and of their release are‘highly dependent on the growth of associ:;ted
sunspot groups.

The energetic electrong rqleased fronll noise continuum storm regions seem
to p'rcl)pagate outward along sunspot magnetic field lit:es radially extending into the
outer solar cordna. While propagating, they would excite plasma waves with
frequencies given by eq; (4-1). As di_scussed earlier in this chapter, these
waves are transformed into electromagnetic waves which are emitted as type NI
bursts into outer space. Most of energetic électrons, being trapped by sunspot

magnetic field lines with arch-like configuration, are identified as the sources of

-21-



noise continuum storms in metric and decametric wave frequencies. Théreforé,
these sources usually form double source étructures, the polarization of which
is opposite from each other (e.g., Kai, 1970; Kai and Sheridan, 1973; wild, 1970)

. {see Fig. 6).
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2. _Possible Magnetic Configuration of Radio Continuum Sources

It has been sﬁoum in Figs. 5 and 6 that radio continuum noise storm sources
are usually accompanied_ by rnagneticaliy active sunspot regions, .Abogre these
regions, magnetic field lines generally consist -_of bipo}ar type configuration,
though very complicated. In fact, the activity in these continuum emissions 1:13113.11}"
tends to increase when associated sunspot magnetic configurations change into
suéh types as 8y and y . This fact suggests that magnetic configuration above
sunspot groups is very important in generating the condition favorable to the
occurrence of these noise continuum emissions in the solar corona,- although this
condition is clearly dependent on the efficiency on the geheration of energetic |

'electrons of Kev energ;y‘ (€. g.,.10 - 100 Kev),

In order that these electrons are well confined in the .r‘egionl aboye associated
sunspot groups mﬁst not be opened into infinity, but closed soﬁiexﬁhere' in the
solar corona or envelope. If these field lines were op_ened, all electrons generated
in sunspot groups would be soon released info outer space a.iid thlerefore, no radio
noise continuum storm sources would be formed above sunspot groups. Siﬁce
such closed field lines are 'able to confine charged particles, though slowly releasing
due to their drift moti’on (Beﬁz and Gold, 1971; Newkirk, 1973), it may be said that
thé magnetic configuration associated with noige continuum sources are usualiy
similar to those shown in Figs, 5 and 6, However, it should be_remarked that any
simple configuration of bipolar type sunspot magnetic fields is not useful té explain
efficient generation of Kev electrons in sunspoet groups, because this configuration

is not appropriate to the onset of instability effective to electron acceleration, Ag

indicated in Fig. 1, the activity of metric noise continuum emission was highly
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intensified immediately after the configuration of the sunspot magnetic fields,

for instance MacMath No. 11294, changed into tthY type. This result suggesfs :
that this type of com{alex configuration is very efficient to the generation of Kev
electrons.

It may be, however, mentioﬁed that the_ region where Kev elecfrons are
generaﬁed, Iis not identified as that where radio- noisé cpntinuum emissiqns are
produced, even if they are both Iécated in tﬁe solar coronal region. It seems
that the former is closely connected with ob'ser_vable éthpot groups because
Kev electrons seem to be generat_ed deep in the solar atmosphere in ‘associatrion
with some instability of sunspot magnetic fields which. are indirectly‘seen as the
change of sunspot magﬁetic fields into some complex types as 8V énd Y . As
shown in Fig. 5, radio continuum sources are generally forméd in the rég,i.on
“where extended sunspot magnetic field lines. are cloged ‘with anarch-like
configuration. The results obtained by Gergely (1974) indicate that almost all
the cases have suéh magnetic configurations as shown in Fig. 5.‘ Several models
proposed thus far also show that the configuration shown in this figufe is most
plausible to explain the development of radio noise continium storm -.sources (see
Kai, 1970; Wilcox, 1968; Saku?ai and Stone, 1971; Sakurai, i971 a, b; Daignes
et al, 1971; Kai and Shgfidan, 1978; Dulk and Nelson, 1973; Stewart and Labrum,
1972). However, it must be remarked that thére exist two distinct types of these -
radio sources with respect to both the extension of arch-like mkagneti-c ;onfigurations
into the solar corona and the electron density distribution associated with these

configurations (Gergely, 1974). Highly densed plasma regions extended into the
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gol.ar corona are usually associated with the largely extended arch-like magnetic
configurations accompanying radio noise continuum storms and vice versa, As
indicated by Gergely (1974), in 1 general, newl; —born active radlo continuum sources
are, however, accompanied by far—extended regions with high ba.ckgrqund_ electron
density concentration into the solar corona. This fact suggests that, as suggested
in Chapter 2,- arch-like sunspot magnetbic field Iine.s tend to generally extend
outward through the coronal region afler newly born while trapping energetic
electrons genérated below. This explanation is eonsistent with that proposed by
Kai and Sekiguchi (1973), Sakurai {1974) has also consu:iered the possibility as an
important step on the deveIOpment of radio noise continum storms in metrie and

decametric wave frequencies,
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6. Generation and Storage Mechanisms of Energetic Electrons Respon51b1e
for The Storms

i

It has already been mehtionea that both radio noise continuum storms aﬁd .
associated type III radio bursts are géﬁerated by some pla;sma processés being
excited by the streams c;f Kev elect.rons passing through the backgroundjplasma medijum in the
golar coronal region. At thé present moment, we do not kno.w any emission mechanism
independent from the role of these energétic electrons in the solar corona, As shown
by S8akurai (1971 b, 1973), the continﬁous streams of Kev electrong from radig
éontinuum sform sourc'e:s, were sometimes observed by means of satellites at the
ear‘éh‘s orbit, In fact, tﬁe time variation of the electron flux was very similar
to that of radic continuum flux in hectometric wave frequencies or hig‘he_f “during
October to November, 1968, This sort of observation gives us an important clue
-to-find-out the-emiss ion"--rﬁee;'h-ani-srmcf== these continunin storms ,r'- 'beCAU's é‘ theée
sforms are generally accompanied by enhanced gctivity of type I[I burst sférms
(Fainberg and Stone, 1971, 1974).

As we have descfibed in Chaptér 2, the development of radi-cﬁ cont{nuum
storm sources are usually preceded by that of the sﬁurces of microwave- S-component
emissions. Sincel the S~component emissions are algo generated‘by ene;'getié
electrons (10 - 100 Kev), although the emission mechanisms are not the same as
that of radio continuum storms in metric wave frequencies or less, the génefation
of these electrons is, therefore, very ixﬁportant in explaining steady components

of radio emissions associated with the growth of magnetically active sunspot

regions,
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In o.arder to explain radio noise continuum storms with respect to fhg:ir emission,
we, therefore, have to consider the role of these electrons based on fhe consideration
of electron beam-plasma interaction ;ln the solar corona. In so doi_ng, we first
consider the acceleration processes of these electrons independent from observable
golar flare activity, These processes have been considered by sevefal authors in
relation to the origin of radio continuum noise storm emissions in melric and
decametric wavé frequencies (e.g., Takakura, 1963; -.Fokker, 1965; Trakl_ltengerts,
1966; Sakurai, 1967, 1971 b; Gordon, 1970), It seems that the interaction of thermal-
tail electrons with plasma waves generated by some microinstability in ambient
plasmas produces energetic electrons (Takakura, 1967; Gordon, 1970). Such
instability seems to be continually produced i_n and above sunspot regions while
they are rapidly growﬁg and changing into a magnetically complex configuration.
Although, 'at presel_lt'; we do not know yet the reﬁl‘proce;sses for "eie‘ct‘rc‘)n accelerstion
in active regions, it is very certain that this ac_celeration is closgly connected with
microins£ability associated with cﬁanging sunspol magnetic fields,

-After acceleration to Kev energy, these electrons begin to inte-aract with sunspot
magnetic fields ambient in the region where —the acceleration takes place. This
interaction mainly seems to consist of diffusion proce:ss due to drifting motion of
the accelerated electrons, which renders these electrons to disappear sooner or
laterl from the accelerat'ion regions or their neighborhood. Since it seems likely
that the source regions of radio continuum emissions in metirie and decametric
wave frequencies are located above or close ;‘,o the acceleration regions mentioned

above, it is necessary to consider the storage mechanism of the accelerated
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electrons after they have moved into the radio source regions ohserved.

As estimated 1:.>y7 Sakurai (1967) and Kane and Lin (1972), these clectrons seem
to be stored in the regions where the intensity of ambient sunspot magnetic field;
is 10 to 100 gauss and the background electfon density is 108 to 109 per crmB.
Becauge of the intenge magnetic fields, it seems difficult for the eléctrons to

.escape 80 soon from both the acceleratioq and the source regions by means; of
diffusion, Hence various processes regarding the energy loss of these electrons
become important in estimating whether these electrons are fully considered as

~ the source of noise continuum emissions under consideration. One of these processes
may be considered as the mechanism of thesg continuum emissions., Although we

are unablte to estimate the energy loss rate of individual electrons for threse emissions
because of the lack of theory, it may be said that, as energy loss p;"bcess, these
emissions are one of the mo.st important phenomena related to the behavior of

these ‘e‘lectroﬁs in the soldar corona,

It is known, as discussed in last chapter,. that the configuration of sunspot
maetic ﬁelds‘plays a role on the formz.a.tion.of the sources of radio noise
contintum emissions. Thevefore, it seems useful to take into accoﬁnt 'thié con-
figuration as an important factor on the‘ efficiency .of storage of energetic electrons
in Smail regions above active sunspots, In fact, we have kr'lown thﬁt, in general,
the Eonfiguration of sunspot magnetic fields in‘the solar corona is similar to

“that which is shown iﬁ Fig. 5 | The arch—ﬁkg structure of the field lines is usually
neée-ssary for energétic electrons to be efficiently confined in order that they are

the source of radio contintum storm emissions.
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n this model we have a slightly fluctuating magnetic field density in
a sunspot region; that is K= B(4). This variation in magnetic field flux
density creates a variation of the total pressure inside the sunspot region. -

This increase and decrease in pressure act: like a mechanical pump that

sucks electrons into the sunspot region at the base of the magnetic field

from the outeide region, The field then ejects the electrons along field

lines into the outer corona of the sun at various levels. These ejected
electrons excite the ambient plasma at these levels causing it to produce

Type I radio emissions,
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Figure 8. Diagram showing electrons entering the sunspot . region at the
suns's surface and then being ejected, along field lines into the
outer coronsi. '
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Let us assume that at some time, t, rthe magnetic field at the base
01" a sunspo‘f;is 8{ .(:0) {Here, itA should 'be noted that this model assumes that ‘
the magnet;lc flux density; BJdecreases with height above the sunspot).

-Aléo, the kinetic pressure due to the electrons inside the sun spot at

L= to is F)( {-o ) and the kinetic pressure outside the sunspot region is
t

fz( t)- Tims, at equilibrium f%= -{;a ;

Where ,{,{dis the permeability of free space. At sometime later {, let us
assume that f{y t,) goes to B({.‘) where [3( -[;a) >R(t). This decrease
in magnetic flux density gives a total decrease in pressure inside the sunspot

of an amount Ap, where

- Ap= BG)AB _ AB®
‘ 0 2 e

and ARis the decrease in magnetic flux density. (We have assumed that the
outside region is an infinite reservoir of electrons. )

To r;establish equilibrium in pressure additional electrons rush in from
the outside region increasing the density of electrons inside the sunspof. This

increase in density of electrons is found from the equation

AP=411&MYT = a4 &
P=anamys = n b
Where }1 is the density of additional electrons i’; 5 me)fl: £ K is the kinetic energy

of the electrons added to the sunspot region.
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‘When the magnetic field returns to its original value B ( ¢)s to reestablish

[«
equilibrium , these additional electrons ’gained for a field B( ¥} are expelled
up along the field lines where the pressure of opposition is less. The energy den-

_ sity gained by the electrons is given by

Energy density = 77 EK = w v
o) g U,

A\

. Let us now assume that the magnetic field dens ity"over shoots! its original
{ ' '

value '5( _t;) to a value 8 (0S). Thus, the nunber of particles expelled must

be greater than the original value at 8( +). Further let us assume that B (1)

is of a value such that fhere are not enough elections of average energy E}( to expell
©

‘in-order to reestablish'equilibrium; - Then the field must give up energy to the

electrons until its energy density is low enough to reestablish equilibrium.
B(t) K : '
4

;’j titime) - -
Figure 9 Graph showing the change in the magnetic field density B(*) in the
sunspot as a function of time, £ .

Let us now establish the energy gained by an electron on the average.

! 3=
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At the smallest value of 6( ) 6( = 'BL , let the density of electrons
be "}?0 and the average kinetic cnergy of an electron be Ek . Thus the
.0

energy gained by the electrons is; Since

B (os) < p - LB
T AL A

we get

'—H/&(EK-L—};> ( +LHNT{,) (Ei‘f + 47, Ek.

energy dens ity of .

energy density of
region at Bj,

region at B(os)

Whe re E kis. the final energy of an electron, Thus

E SLL 7 (Btoc) %f> + E}:a '

At some time to, the sunspot has a magnetic flux density , 6( %o)- Thenthe field

o

decreases to a value of R (1) = BL . This causes electrons to rush into the

sunspot region. Then the field increases to a value B { & <) large enough to give
the elecirons great kinetic energies when they are expelled, as the field agaiﬁ

. . ° '; ‘
drops to some value below £( & o)+ This procese is = repeated over and over

. again as the field fluctuates or breathes.

Let us now make a computation with the above formula for E , where

Elev)= 625 x/o9(/3(0<‘) 8)+£ (ev)

3
Here Bis in gauss and ’Wois in electrons /cm -«



{/ If we let E = 50.ev be the energy of the ambient plasma electrons entering the sun spot
O i : '

region, BL:BX i;)?:gauss, BG) =3 I % }03’ gauss and “}?0';-_ 16 Oelectrons/ cm3 we
" get | | - | | '
-/ - 7 s '
| EK(eV)‘—éngx/O ( S./ /03 — g)(/oé')g'

/O'° alectrons
: TTCTE

+ 5deV

=33 Kev .

This value is about the value of the energy electrons would have to have in
order to excite the solar corona plasma causing it to produce the observed Type 1

radio emissions.

§Eecial Note

The mechanism by which the transfer of magnetic field energy into kinetic
energy for the electrons has not yet been developed for the model. The fundamen-
. ~tallaws-ofrelectronmagnetism -aresnow being studied in an attempt to derive a’

. physically feasible mechanism of energy transfer,
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8.  Concluding Remarks

We have considered the developfnént of radio continuum stérrm* sources in
metric wave frequencies or less in reference to the growth of the S-component
sources in mfcrowave frequencies. In the discussion on the relation betweén
these two sources just mentioned, we have emphasized the .important role of
energetic electrons of 10 - 100 Kev on the emissions of theée radio waves. in
wide-frequency range. As described'in Chapter 4, we do not know yet the
mechanism of radio noise coﬁtinuum emissions in metric and decametric wave
frequencies, although many theories have heen propose.d. In this paper, in order
to explain some observed characterist.ics, we have pointed out the importance of

two~stream instability associated with energetic electron Streams, although it‘ is

known that the inhibition of this instability is very important {o explain the emission

proéesses of type III radio bursts. | E\1ftherm6fe, i‘g;lmay be said that the onset
of this instability is closel: connected with the behavior of energetic electrons
in ambient sunspot magm_stic fields: that is; type III bursts are generally produced
by eleciron streams moving’ along ambient sunspot magnetic field. lines rad-ialljz
extended into the golar corona. On the other hand, the noise continuum storm
emissions under discussion are produced in the sunspot magnetic fields withi a
configuration as shown in Fig. 5. This sort of eoﬁfiguration seems to be very
effective on the onset of the instability associated with electron streams. On this
problem, some further investigation wol}ld be necessary,

We here summarize several important problems in future Investigation as

follows: . P



1y The relation among radio noise continuum storms (metric or 1ess.), the
- S—-component of microwave emissions and type III burst storms,
2) The emission mechapism of radio no.ise confinuum storm.
3) The relation of radio noise continuum str;rms to solar active phenomena
during their growing and decaying phé,sés.
4) The generation mecha,nis_m of enexrgetic electrons in sunspot magnetic fields
actively growing. |
5) The role of energetic electrons on ﬂ}e mechaniéin of the S~c§mponent
emissior;s in micréwave- frequencies.

These problems described above seem to be important in understanding the

nature of radio noise continuum storm sources in metric or lower wave frequencies.

It seems that the satellite cbservationg in hectometric and kilometric wave frequencies

give us a clue to find out what mechanism is working on the emission of radio waves
in these frequencies. TFurthermore, these electrons would be very useful to find

the mechanism of radio noise continuum storms in higher wave frequencies.

’
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~ Caption of Figuresg

Fig. 1

Fig. 2

Fig, 3

Fig., 4

Fig. 5

Fig. 6

Intensity-time profiles of metric continuum and microwave S- component

emissions (200 and 2800 MHz). The variation of sunspot activity is
also shown. Type TII burst activity in decametric wave frequencies has

been found by Gergely (1974).

The relation between the growing activities of metric continaum and
microwave S-component emissions. The same frequencies have been
considered as in Fig. 1. BY indicates the date when associated sunspot

groups changed into 87 type, .

The time delay of metric continuum storm activity from associated

- microwave S-component emissions.

Type III burst activity in both decametric and hectometric wave
frequencies. For comparison, metric noise continuum activity is

reproduced from Fig. 1,

The configuration of sunspot magnetic field lines associated with
the active region MacMath No. 11294, A rectangle indicateg the area

that metric and decametric noise continuum storms were observed.

A model to explain the location of radio contintum storm sources,
oppositely polarized and related sunspot magnetic fields controlling

the motion of energetic electron released from these sources.
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“Fig. 7 Solar radio continuum activity observed during 10 to 26 August,. 1968.
(a) Metric continuum flux variation at 200 MHz, (b) Hectometric
- continuum storm flux variation at 1. 65 MHz observed by the RAE-A '

satellite.
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